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Inhibition of quked Flavor in Heated Milk by Use of Additives

Aldo Ferretti

Four organic thiolsulfonates and three organic
thiosulfates effectively inhibited cooked flavor
when added to whole milk, prior to heating, at a
level ranging between 0.003 to 0.05%. They are:
2-aminoethyl 2-aminoethanethiolsulfonate dihy-
drochloride; 5-aminopentyl 5-aminopentanethiol-
sulfonate dihydrochloride; 2-acetamidoethyl 2-

acetamidoethangthiolsulfonate; cystine S-diox-

ide; 2-aminoethanethiosulfuric acid; S-sulfocys-
teine; and S-sulfoglutathione. Their inhibitory
action is based on their ability to react with the
sulfhydryl-containing compounds that form by
heat denaturation of B-lactoglobulin. The possi-
ble implications of sulfhydryls removal with re-
gard to the stale flavor control are discussed.

The appearance of a. cooked off-flavor is the first mea-
surable manifestation of chemical changes that occur in
heated milk. The origin of the cooked flavor has been the
object of much speculation. The consensus is that it is
due to the presence of volatile sulfides and thiols that
arise from thermal breakdown of serum proteins, primari-
ly B-lactoglobulin, and of the proteinaceous material asso-
ciated with the fat globule membrane (Hutton and Pat-
ton, 1952). That the cooked flavor is largely associated
with sulfhydryl compounds is confirmed by its concomi-
tant appearance with titratable (nitroprusside test) mer-
capto groups and by the fact that the flavor of milk de-
pleted of mercapto groups becomes indistinguishable from
that of unheated milk (Josephson, 1954). However, the
chemical path, or paths, leading to formation of sulfides
and sulfhydryls from sulfur-containing amino acids is still
largely obscure. The hypothesis, as elaborated below, that
volatile sulfur compounds in milk are byproducts of the
Maillard reaction (Ellis, 1959; Maillard, 1912) has never
been proposed but deserves consideration.

The occurrence of the Maillard reaction in dairy prod-
ucts has been extensively demonstrated, along with its
nutritional and organoleptic consequences (Ferretti and
Flanagan, 1971, 1972; Henry et al., 1948; Patton, 1955).
Reductones and dehydroreductones are important inter-
mediate compounds in this reaction (Hodge, 1953). The
latter are characterized by the presence of an a-dicarbonyl
moiety or by the structure ~-CO[C=C],CO-, where n is
zero or an integer. The dehydroreductones are Strecker
degradation (Schénberg and Moubacher, 1952) agents,
presumably responsible for the formation of many volatile
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compounds when systems containing amino acids and re-
ducing carbohydrates are heated (Hodge, 1967). When
cysteine is involved, hydrogen sulfide is one of the prod-
ucts (Kobayashi and Fujimaki, 1965; Schutte and Koen-
ders, 1972). When methionine is one of the reactants,
methanethiol is one of the main products (Ballance, 1961;
Schutte and Koenders, 1972). The mechanism of the reac-
tion has been studied in some detail by Schutte and
Koenders (1972). Whereas the formation of dimethyl di-
sulfideé can be readily rationalized on the basis of methane-
thiol oxidation, the mechanism of formation of dimethyl
sulfide from methionine (Ballance, 1961) is less obvious.
One precursor of dimethyl sulfide in heated milk is an S-
methylmethionine sulfonium salt, possibly originating
from plant material (Keenan and Lindsay, 1968). The in-
volvement of methionine and cystine in the production of
volatile sulfur compounds in heated milk has been con-
firmed by Demott and Gibbs (1966) by using 35S-labeled
materials.

In addition to the dehydroreductones that may form by
a Maillard-type degradation of carbohydrates, milk has
natural constituents which can act as Strecker degrada-
tion agents on amino acids resulting from protein break-
down. The most likely candidates for such interaction are
vitamins C and K. Milk, immediately after removal from
the udder, contains vitamin C in the form of L-ascorbic
acid (Hartman and Dryden, 1965), which is a reductone,
but is fairly readily converted to the dehydro form. Vita-
min K, on the other hand, having a naphthoquinone
structure, would be ready to function as a degrading
agent.

Gruenwedel and Patnaik (1971) recently reported a
quantitative study of the previously known hydrogen sul-
fide and methanethiol release from L-cysteine and DL-me-
thionine, respectively, by action of pyridoxal catalyzed by
metal ions, including iron. Because 70 to 95% of vitamin



B in whole milk is present as pyridoxal (Hartman and
Dryden, 1965), and in view of the presence in milk of ionic
iron, it is conceivable that the interaction of vitamin Bg
with sulfur-containing amino acids could represent anoth-
er source of volatile sulfur in heated milk.

Diacetyl, another dehydroreductone often present in
milk, has been found in traces in raw milk, but its con-
centration increases dramatically. on heating (Scanlan et
al., 1968), presumably as a consequence of the Maillard
reaction (Hodge, 1967). Sometimes it also is considered a
microbial ‘metabolite.” Whatever -its origin, diacetyl too
can function as a Strecker degradation agent.

The relative contribution of the various volatile sulfur
compounds (thiols, sulfides, disulfides, and H,S) to the
cooked flavor is not known. To the extent that it is due to
the thiols, their removal should parallel the elimination of
the off-flavor. To our knowledge, realistic methods of
cooked flavor control in fluid dairy products by chemical
removal of thiols have not yet been developed. The pur-
pose of the present investigation was to explore the possi-
bility of developing such a method.

As early as 1947, Patton and Josephson observed that
when skim milk is heated for long times at 95°, the quan-
tity of titratable sulfhydryls diminishes substantially.
However, the authors continued, “in the absence of casein
(rennet whey) and lactose (dialyzed skim milk), such a
diminution did not occur.” More recently, Kiermeier and
Hamed (1961) reported that the concentration of SH
groups, which increases rapidly when milk is heated be-
tween 75 and 95° and less rapidly thereafter, declines if
the heating temperature is raised beyond 110°. They also
concluded that oxidation of the SH groups by atmospheric
oxygen is not responsible for the observed trend because
the pattern is the same in absence of air. Analogous re-
marks on the variation of sulfhydryls content with
<changes in heating temperature were recorded by Demott
and Gibbs (1966). The results of these three series of ex-
periments can be rationalized readily if the sulfhydryls
formed on heating react with other molecules, specifically
with certain intermediates of the Maillard reaction, which
becomes more important at higher temperatures. Patton
(1955), in a different context, speculated that SH com-
pounds might react with the Amadori rearrangement
products. That some intermediates of the Maillard reac-

tion can react with mercapto compounds has been demon-’

strated by Arnold (1969), who achieved partial control of
heat-induced browning by adding small amounts of L-cys-
teine to raw milk prior to heating at 121°. On the basis of
this finding, volatile sulthydryls, released on heating,
might also be expected to behave like L-cysteine. Al-
though direct evidence is lacking, some of the end prod-
ucts might contribute to the development of the stale fla-

vor which invariably appears in processed dairy products-

during prolonged storage. Significantly, in the case of
sterile milks, the distinct cooked flavor present at the
time of storage fades away and is replaced by the stale
flavor even when the milk is stored in sealed containers

where the amount of oxygen present would not be enough -

to account for the decreased concentration of titratable
SH groups and the concomitant fading of the cooked fla-
vor. This observation alone, however, does not prove a
cause-effect relationship.

The market demand for a long-lived fluid milk of nor-
mal or high concentration has led to the development of
high-temperature, . short-time (HTST) and ultra-high-
temperature (UHT) fluid sterilized milks. The problem of
physical stability (gelation) with such products has been
solved with additives. Because of flavor problems, how-
ever, HTST and UHT products have not been commer-
cialized. These products, if stable at room temperature,
would have a sizable market. This assumption provided
the incentive for the present work, which is a study of the
effectiveness of various organic thiosulfonates and thio-

sulfates in inhibiting the cooked flavor in heated milk.
Their expected effectiveness was based on their abilities
to react with thiols according to either of the following
schemes.

RSH + R’SO,SR’ — RSSR’ + R'SOH

RSH + R’SSO,” === RSSR’ + HSO,”

The reaction between thiols and thiolsulfonates
(Schoberl and Wagner, 1955) occurs rapidly and goes to
completion even at low temperature (Gilman et al., 1925).
The reaction represented by the second scheme is revers-
ible (Distler, 1967), but the equilibrium is favored to go to
the right. On the basis of relative reactivity toward the
thiols, the thiolsulfonates would be expected to suppress
cooked flavor more efficiently than the thiosulfates.

EXPERIMENTAL SECTION

Four organic thiolsulfonates and three organic thiosul-
fates were tested as inhibitors of cooked flavor when
added to milk prior to heating. They are: 2-aminoethyl 2-
aminoethanethiolsulfonate dihydrochloride (I); 5-amino-
pentyl 5-aminopentanethiolsulfonate dihydrochloride (II);
2-acetamidoethyl 2-acetamidoethanethiolsulfonate (III);
cystine = S-dioxide (IV); 2-aminosthanethiosulfuric acid
(V); S-sulfocysteine (VI); and S-sulfoglutathione (VII).
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Synthesis of Additives. 2-Aminoethyl 2-aminoethane-
thiolsulfonate dihydrochloride (I) (Field et al., 1961), 5-
aminopentyl 5-aminopentanethiolsulforiate dihydrochlo-
ride (II) (Field et al, 1964), and 2-acetamidoethyl 2-
acetamidoethanethiolsulfonate (III) (Field et al., 1961)
were prepared by published methods.

Cystine S-dioxide (IV) was prepared by performic acid
oxidation of L-cystine (Emiliozzi and Pichat, 1959). Re-
cently, chemical analysis by electron spectroscopy has di-
rectly and conclusively proved that cystine S-dioxide, pre-
pared either by performic or perbenzoic (Toennies and
Lavine, 1936) acid oxidation, has a thiolsulfonate struc-
ture (Axelson et al., 1967).

2-Aminoethanethiosulfuric acid (V) was purchased from
Eastman Kodak Co., Rochester, N. Y., and was recrystal-
lized from water before use.

The sodium salt of S-sulfocysteine (VI) (C3HgOs5NSs-
Na-1.5H20) was prepared according to Sérbo (1958).

The  barium salt of S-sulfoglutathione (VII)
(C10H1509N3S.Ba-4H,0) was prepared as described by
Eriksson and Rundfelt (1968). Just before use it was dis-
solved in a little water and converted into the sodium
form by treatment with an equimolar amount of sodium



Table I. Comparative Efficiency of Different Compounds in Inhibiting the Cooked Flavor

Mg/100 mi
of milk le = mol Relative
Compound Mol wt (minimum) mmoles wt/mg effectiveness
2-Aminoethyl 2-aminoethanethiolsuifonate 257 5 0.0195 51.4 6.5
dihydrochloride (1)
5-Aminopentyl 5-aminopentanethiolsulfonate 341 5 0.0147 68.2 8.7
dihydrochloride (1)
2-Acetamidoethyl 2-acetamidoethane- 268 3 0.0112 89.3 11.4
thiolsulfonate (l11)
Cystine s-dioxide (IV) 272 10 0.0368 27.2 3.5
2-Aminoethanethiosulfuric acid (V) 157 20 0.1274 7.8 1.0
§-Sulfocysteine (sodium salt) (V1) 250 20 0.0800 12.5 1.6
§-Sulfoglutathione (sodium salt) (VII) 503 50 0.0994 10.1 1.3

sulfate. Barium sulfate was centrifuged off and the super-
natant used as described below.

Inhibition of Cooked Flavor. For tests of cooked flavor
inhibition, homogenized whole milk was purchased at the
local grocery store. Control samples (100-ml batches) were
prepared by heating milk in Erlenmeyer ﬂasks, with stir-
ring, from room temperature to 90° in 4 min, holding the
temperature at 90° for 5 min, and. finally cooling to 40°
with ice-water. By this treatment, milk invariably devel-
oped a strong characteristic cooked flavor, which was easi-
ly detectable by taste or odor. The efficiency of the differ-
ent additives in inhibiting the cooked flavor was deter-
mined by adding varying amounts, in the crystalline
state, to 100-ml batches of milk before heating. The sodi-
um form of S-sulfoglutathione was added in water solu-
tion (see above).

Flavor Evaluation. Treated milks were evaluated orga-
noleptically by a panel of five expert judges, who deter-
mined the effect of each additive on the intensity of the
cooked flavor. The judges used the rating scale 4 = strong,

= distinct, 2 = slight, 1 = questionable, and 0 = no
criticism. :

RESULTS

The minimum amount (mg/100 ml of milk) of each ad-
ditive required for significant suppression of the cooked
flavor is shown in Table I. Flavor reduction was consid-
ered to be significant when the average intensity rating
dropped from 4 to 2 or less in the rating scale. Table I
(column five) shows the efficiency index (I¢), defined as

the reciprocal of the required amount of compound, in

millimoles. Column six shows the effectiveness of each
compound relative to that of 2-aminoethanethiosulfuric
acid (the least effective on a molar basis).

Gravimetrically, the amount of additive required to re-
duce significantly the cooked flavor is very small, from
0.003 to 0.05%. All products tested in this investigation
were effective even when added to milk right after the
heating-cooling cycle was completed. Poststerilization in-
troduction of the additive in the HTST or the UHT pro-
cess might reduce the level necessary to achieve the de-
sired results.

None of the compounds investigated imparted any for-
eign flavor to milk, with the exception of S-sulfocysteine,
which caused a slight broth-like or methional taste at the
concentration indicated in Table I. 2-Aminoethanethiosul-
furic acid, if used as obtained from the manufacturer
without recrystallization, produced an obJectlonable burnt
flavor.

DISCUSSION

The results of the present investigation represent addi-
tional confirmation of the importance of the sulfhydryls in
the cooked flavor in milk and confirm the prediction: (see
introductory remarks) that the thiolsulfonates would be
more effective than the thiosulfates in inhibiting the
cooked flavor. I hoped that the addition of a strontium

salt would drive the reaction of sulfhydryls with thiosul-
fates toward completion by precipitating the sulfite ion
(Swan, 1957). However, the results with strontium lactate
were not encouraging, probably due to the low concentra-
tion of sulfite. Factors other than the purely kinetic and
mechanistic ones might also influence the overall perfor-
mance of the products studied in removing thiols from
heated milk. With the thiolsulfonates, for instance, inher-
ent stability must be an important element. Previous
studies (Field et al., 1964) have shown that the thiolsulfo-
nates, when dissolved in water, undergo a process of
cleavage whose rate is a function of their structure. It
might not be a pure coincidence that the stability in
water (Field et al., 1964) of the first three thiolsulfonates I
used roughly paralleled their relative effectiveness in in-
hibiting the cooked flavor. In an experiment designed to
test the survival of 2-aminoethyl 2-aminoethanethiolsulfo-
nate dihydrochloride in milk, twice the amount shown in
Table I was added to 100 ml of milk, which was refrigerat-
ed for 24 hr before heating; most of the compound’s abili-
ty to inhibit cooked flavor had been lost.

As for the use of additives for flavor control in the
HTST or UHT processes, it is difficult to predict whether
larger or smaller amounts of thiolsulfonates and thiosul-
fates than used in the present work would be needed to
attain the same level of control. The HTST and UHT
procedures entail faster heating, higher temperature, and
a much shorter holding time than used here. These and
other factors might result in an increase or a decrease of
the efficiency index of each additive. I hope that pilot
plant work now in progress will answer these questions
and ascertain any effect that the use of organic thiolsulfo-
nates and thiosulfates might have on the evolution of the
stale flavor along the line of reasoning discussed in this
article.

Whenever food additives are considered for actual use
the issue of safety arises. Although a detailed discussion
on this topic is beyond the scope of this paper, the fol-
lowing observations are related to safety: aminoalkane-
thiosulfuric acids have been studied as protective agents
against the lethal effects of ionizing radiations, and cer-
tain organic thiosulfates are metabolic intermediates in
animal and plant tissue. Specifically, S-sulfocysteine, be-
lieved to be an intermediate in the formation of cysteine
in molds and bacteria, has been identified in the urine of
an infant deficient in the enzyme sulfite oxidase (Mudd et
al., 1967) and in that of the Kenya genet (Crawhall and
Segal, 1965). Naturally occurring S-sulfoglutathione has
been found in calf-lens extracts (Waley, 1959) and in the
small intestine of rats (Robinson and Pasternak, 1964).
Organic thiolsulfonates too have been studied as potential
antiradiation drugs. Most of the thiolsulfonates used in
this study probably will not survive the combined effects
of the HTST thermal treatment and of prolonged storage
(vide supra). Whatever remains after reaction with the
thiols will slowly undergo disproportionation, with the
ultimate formation of the corresponding disulfides and



sulfonic acids according to well known pathways (Bauer
and Cymerman, 1950). The necessary data to be collected
before -approval of any specific thiolsulfonate or thiosui-
fate as food additive could be obtained might include the
identification and pharmacological evaluation of the
chemical byproducts of the cooked flavor inhibition and of
the products of decomposition of the additive itself.

The findings of the present work with whole milk might‘

be applicable to evaporated skim milk and other heated
dairy foods.
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